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Altitude —

Hierarchy of a Variable Set

0 P

Pure Isentropic Coordinate

> Set and forget
> No worse than its inputs

> Must solve a PDE
N intime

> Can be noisy,
can blow up

Coordinate Diagnostic Prognostic
Variable Variable Variable



Altitude —

Hierarchy of a Variable Set

P 0

Pure Sigma Coordinate

1 R

Coordinate Diagnostic Prognostic
Variable Variable Variable




Altitude —

Hierarchy of a Variable Set

0 PO

[r—

Hybrid Sigma-Theta Coordinate: Style 1

(Konor & Arakawa 1997)
Coordinate Diagnostic Prognostic

Variable Variable Variable



Hierarchy of a Variable Set
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Altitude —

Hierarchy of a Variable Set

0 P

* Treat 0 as a diagnostic
variable in the hybrid region

Hybrid Sigma-Theta: Style 2
(Dowling et al. 2006)

Coordinate Diagnostic Prognostic
Variable Variable Variable



Altitude —

Hierarchy of a Variable Set

0 P

» Treat O as a diagnostic
variable in the hybrid region

Hybrid Sigma-Theta: Style 2
(Dowling et al. 2006)

» Gas giant case (set bottom of model
to be a constant-pressure surface)

Coordinate Diagnostic Prognostic
Variable Variable Variable



Summary: 0 and P Hierarchy

Pure Isentropic Coordinate Pure Sigma Coordinate Hybrid Sigma-Theta Coordinate: Style 1

EPIC Model (Dowling et al. 2006)

Q: What do the other
models represented
at this workshop look
like in these terms?

Terrestrial Planet Gas-Giant Planet
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Hybrid Vertical Velocity

¢ = F(0, p, pbot) = fl[o]+g[o]6

Qk+1 2 ne
Cﬁc+1f (U;:Hfz) I, ljz — F Z ghm Doy AGy, — F3, Z gho D A,
T —1 —

Dy, = (V- 9)|¢ is the horizontal divergence

h = —(1/g)0p/d¢

Heating enters the model through the hybrid vertical velocity,
just as in a pure-0 model.



Example Results
Earth: Held Suarez
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EPIC model results for Earth Held-Suarez benchmark. a) Mean zonal wind

[m/s]; b) Mean square temperature eddies [K2]; ¢) Mean temperature [K];
Mean potential temperature [K]. From Dowling et al. (2006)
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Zonal Wind
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Venus Superrotation
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Topography
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N. Hemisphere Fastest Zonal Wind (m/s) S. Hemisphere Fastest Zonal Wind m/s
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“Throw it away.”
-—-Dave Raymond, New Mexico Tech,
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Consistency of Great Red Spot: Cassini vs. HST

Only one of these is an observation

Top: EPIC model absolute vorticity at 8 bar
Bottom: HST visible image of GRS cloud tops = 0.7 bar
Missing from model: clouds, thunderstorms, radiative heating and cooling



Top: EPIC model absolute vorticity at 8 bar
Bottom: HST visible image of GRS cloud tops = 0.7 bar
Missing from model: clouds, thunderstorms, radiative heating and cooling



Summary, Part 1

Switching to 6 = 6, in the hybrid region, the EPIC model:

a. runs faster
b. IS more robust

C. generates the same results

Remaining issues, Part 1

a. need to optimize bottom of transition, where 0, is
touchy (e.g. division by vanishingly small g[c])

b. need to talk more people into trying hybrid-coordinate
runs using the unprognosticated 0



Part 2. Retrofitting a Finite-Volume
Horizontal Pressure-Gradient Force to the C-grid

Strong formulation: the horizontal pressure gradient force (PGF)
splits into two terms in 0-0 coordinates

—lVZp =-V.M +11V_.0

o,
As is well known, in steep terrain, the truncation errors for the two terms
do not properly cancel, leading to an inaccurate PGF and spurious
winds.

It gets worse-—-dry air on gas giants is a mixture of ortho and para H.;
fundamentally a two-component system described by the fraction of
para-hydrogen, f This splits the PGF again:

para-

1
——V.p=-V.M-F

,0 gibb (T)Vg fpara + HVZ,'H



We are encountering spurious surface winds in our Venus
spinup experiments using the strong-formulation PGF.
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Weak formulation PGF:
Compute component pressure force on six sides, divide by mass.

Can apply this without switching rest of GCM to finite volume
(delaying the inevitable...)

Ztnw Assumptions:

tne 1. Latitude map factors

Ptw te are linear across cell

Z'[SW___ - Ztse 2. 4 P values used to
.U set pressure

\anw |\ %bne 3. P=a%*z+b on each

face
4. Arbitrary heights, z,

Zbsw Zhse on 8 corners




1opy  110p) 11 top — bottom + west — east
pOxl:  propl:  pAGTs(dzs + 1obd2zy) +1n(62n + 1odz,)’
where
0, Rte = Atw s
t == —1 w o e + 12(2 ePtw — “ftwPte
op { 1(pt Pte) 2(ZtePt twPte) 2o 7 Ziw
Zte T Atw

2
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- Ztsw) 9

tl — ( Ztne + Ztse)2
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b Zbe - ZbW 9
1(Pbw — Pbe) + b2(2beDn bwPbe ) e %

Zbe — Zbw
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1),

west = east(] —
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2 2
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Given 8 arbitrary corner
altitudesandp=az+ Db,
yields PGF = O exactly.

Current task: Non-trivial
problem of constructing a
static initial condition

with p = p(z).

(Mathematica-supplied fortitude)



Summary, Part 2

Switching to weak-formulation for the horizontal pressure
gradient force:

a. Eliminates two-term split in PGF and their misaligned
truncation errors in steep topography

b. Eliminates two-term split in PGF for ortho-para hydrogen

EPIC now has a finite-volume PGF that yields zero for 8
arbitrary corners when p = a z + b across the cell

Remaining issues, Part 2

a. Constructing a static (u, v = 0) initial condition that
precisely satisfies p,,., = Pyat(Zk+1,[0,0]) ON the grid,
which is implicit in pressure, poses a challenge in
hybrid coordinates



